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EXECUTIVE SUMMARY
This study examined the Armed Services Vocational Aptitude Battery (ASVAB) over the past 20 years to determine if a trend existed toward increasing intercorrelations of the subtests and composites over time. In addition, the study suggested explanations for why this may have occurred and developed implications for future service use of classification composites. In the US Air Force, ASVAB subtests are assigned weights and combined to produce four composites used to qualify accessions for jobs categorized: Mechanical (M), Administrative (A), General (G), and Electronic (E) orMAGE. ASVAB subtest and MAGE composite data were examined in each year using factor analyses and by examining the correlations among subtests and among composites.
Subtest-level analysis showed that Paragraph Comprehension and Electronics Information had increasing correlations with several other subtests over time. In addition, the amount of general cognitive ability, g, being measured has increased in recent years. This could have occurred because of the change in test administration from paper-and-pencil to computer adaptive, a change in the content of the ASVAB (deletion of the 2 speeded subtests, Coding Speed and Numerical Operations and the addition of Assembling Objects), and/or a change in the structure of particular subtest items.
Examination of the changes in MAGE correlation matrices showed that the correlations are large and have dramatically increased. The largest increase involved the Mechanical and Administrative composites, and is a result of their modified composition in 1999. The intercorrelations of the composites now range from about .80 to about .90.
During the period included in this study, the ASVAB's higher component intercorrelations have resulted in a reduction in the battery's capacity for providing discriminant validity. Increasingly, the ASVAB has provided more of a measure of general mental ability and less a measure of specialized abilities. We recommend that the Air Force reevaluate the relative benefits of attempting to add discriminant validity to the ASVAB, and using additional or revised measures to better differentiate between abilities and more effective job assignment.
INTRODUCTION
The Armed Services Vocational Aptitude Battery (ASVAB) has been used by all military services since 1976 for the selection and classification of enlistees into occupations. Four ASVAB subtests make up the Armed Forces Qualifying Test (AFQT) which is used for qualification into the US military. In addition to enlistment qualification, the ASVAB has been given to high school students for the purpose of career exploration and counseling as part of the Career Exploration Program. Each service combines the ASVAB subtests into composites based on their own needs. Currently, the Air Force uses four composites to qualify accessions for jobs categorized as: Mechanical (M), Administrative (A), General (G), and Electronic (E) or MAGE. The MAGE composites are computed by adding weighted standard scores of the ASVAB subtests (Segall, 2004) .
Any test with a long history is subject to planned or unplanned changes that evolve over time. There can be changes in the subject content of the subtests, timing and administration, mode of testing, reference population, and any number of similar sources. Most testing programs guard against any instability in the meaning and interpretation of test scores arising from such differences by carefully documenting the process of test and item revision. This would ensure, for example, that items written during periodic revisions conform to detailed specifications for item writing style, content domain, and psychometric integrity -the goal being that test items used as replacements parallel the items that are being replaced. Further, test score metrics are maintained by a well-established psychometric process known as equating.
In the mid 1980s, scores on the Numerical Operations (NO) and Coding Speed (CS) subtests were found to be much higher in a high school sample than in the reference population, indicating that test administration was not standardized across locations (Horne, 1986) . In addition, it was found that the subtests were very sensitive to the type of hardware or answer sheets used during administration (Pommerich, Segall, & Moreno, 2009 ). These two subtests were dropped from all versions of the ASVAB and in 2002 another subtest, Assembling Objects (AO), was added. The AO subtest was developed as part of the U.S. Army's Project A, aimed at research and development to identify skills and abilities that were not currently measured by the ASVAB (Busciglio, Palmer, King, & Walker, 1994) . AO was created as a measure of spatial visualization/mental rotation and was found to add incremental validity to the ASVAB.
II. THE CAT -ASVAB
In addition to the change in ASVAB content, the test has undergone a change from paperand-pencil administration to primarily computer-adaptive testing (CAT). The ASVAB had many of the same problems associated with any paper-and-pencil test, such as the potential for item compromise and coaching by recruiters (Maier, 1993) . In 1999, after many years of research, the Department of Defense (DoD) launched a computer adaptive version of the ASVAB (CAT-ASVAB). Instead of every examinee being given identical items, administered items are selected from a large pool of items of varying difficulty levels. By making the ASVAB a computer adaptive test, the content was less likely to be compromised because examinees would not necessarily receive the same items (Segall & Moreno, 1999) . In addition, test time was reduced by almost half from paper-and-pencil to computer adaptive because examinees could be given fewer items to determine their ability level. It should be noted that paper-and-pencil versions of the ASVAB are still given at low volume Military Entrance Test (MET) sites where computers are not available and to students as part of the Career Exploration Program since it is not possible to have standardized computer testing stations available at each high school (Segall & Moreno, 1999) .
Positive Manifold
More than a century ago, Spearman noted what he called positive manifold while doing research on cognitive ability tests. When an individual is given different cognitive ability tests, the resulting scores will correlate positively with each other, even when the tests purport to measure different abilities (e.g., a verbal test vs. a quantitative test). Spearman (1904) referred to this result of positive manifold in cognitive ability tests as g. This phenomenon has been noted in a multitude of ability tests (Jensen, 1998; Ree & Earles, 1991; Thurstone & Thurstone, 1941; Vernon, 1969) . In cognitive testing with the military, psychometric g has been identified in several analyses of the ASVAB. In a confirmatory factor analysis, Ree and Carretta (1995) found that g accounted for 64% of the variance in the ASVAB. In addition, Frey and Detterman (2004) performed a principal-axis factor analysis on the ASVAB subtests in which all subtests substantially loaded on the first factor, g.
There has been some speculation by Air Force research sponsors that changes in the ASVAB over time may be affecting the way service-unique classification composites are used and interpreted. Currently, the CAT-ASVAB supports all military services in selection and classification by the use of separate composites specific to the needs of each service. If positive manifold were increasing among ASVAB subtests, then the composites would be less able to differentiate among individuals and classify them into meaningful job categories.
The purpose of this study was to take a retrospective look at the ASVAB over the past twenty years to examine if there has been a trend toward increasing positive manifold of the ASVAB subtests over time, as might be evident in the correlations among subtests and composites. An additional purpose was to explain why this may have occurred and to develop implications for future service use of classification composites.
III. METHOD Subjects
The subjects included in this study were 754,354 U.S. Air Force applicants or high school students. Based upon reported gender information, there were 67% males and 25% females.
Instrument
All subjects took a form of the ASVAB consisting of nine or ten subtests depending on the year tested. Since the ASVAB became operational, various subtests have been removed and others added. With the change in test administration from a paper-and-pencil to a computer adaptive test, the content changed as well. The two speeded subtests present in the paper-and-pencil version (NO & CS) proved to be problematic when administered by computer and were removed. In their place, a spatial subtest, Assembling Objects (AO), was added that could be administered via computer. Descriptions of the subtests are included in Table 1 . It should be noted that in the paper-and-pencil ASVAB, the subtests Auto Information (AI) and Shop Information (SI) are combined into a single subtest, Auto/Shop (AS). In the CAT-ASVAB, the AI and SI subtests are administered separately and then combined into a single score (AS). In the paper-and-pencil ASVAB, the subtests Auto and Shop Information are combined into a single subtest, Auto/Shop (AS). In the CAT-ASVAB, the Auto and Shop subtests are administered separately and then combined into a single score (AS).
Procedure
The sample of ASVAB examinees were separated into two groups based on their date of testing so that within each group, the test content remained constant. One group was tested between 1989 and 1992 and the other between 2002 and 2008. The range of years chosen for analysis was based on the completeness of the data, comparative sample sizes, and consistency in type of test administered. For example, between 1993 and 2001, the paper-and-pencil ASVAB was being phased out of use in testing centers and the CAT-ASVAB was being phased in. Not everyone had access to testing centers with computers during that time so method of test administration was not standardized.
The first analysis compared the mean and standard deviation of subtest scores from each year included in the study. For the two groups, exploratory factor analyses were performed on the subtest scores as they were given each year. The percent of variance accounted for in the first factor was compared. The same was done for the eight subtests that remained common to the ASVAB over time. In addition, a difference matrix of the correlations from 1989 and 2008 was constructed to show the pairs of subtests with the largest increases. The same was done for the MAGE composite correlations. From this, the paired correlations among selected subtests were plotted over time on a line graph. A second line graph was constructed to show the change in MAGE composite correlations over time. Table 2 shows the means and standard deviations for the scores on the ten ASVAB subtests for applicants between 1989 and 1992. Table 3 shows the means and standard deviations for the scores on the nine subtests for applicants between 2002 and 2008. The earlier year scores and later year scores were measured on a different scale. Eight subtests are common to both groups. In the later years, NO and CS were removed and replaced with AO. Since some individuals tested between 2002 and 2008 took the paper-and-pencil version at a MET site or through the Career Exploration Program, they did not have a score on the AO subtest because it is only administered via computer. These individuals were not removed when means and standard deviations were calculated; therefore, sample sizes will be slightly different for AO versus the other subtests. Table 4 shows the means and standard deviations for the percentile scores on the ASVAB MAGE composites (Mechanical, Administrative, General, and Electronics) for applicants between 1989 and 1992. 
IV. RESULTS

Factor Analyses
To examine the factor structure present in the early group of applicants, a principal components factor analysis with varimax rotation extracting four factors was performed on the subtest scores from applicants between 1989 and 1992. Factor loadings above .4 were considered practically significant (Floyd & Widaman, 1995) ; therefore, in Table 8 only loadings of .4 or greater are in bold. The four factors were identified as Technical, Verbal, Math, and Speed. Subtest loadings on each factor are shown in Table 6 .
Auto Shop, Mechanical Comprehension, and Electronics Information had significant loadings on the Technical factor. Word Knowledge and Paragraph Comprehension had significant loadings on the Verbal factor. Arithmetic Reasoning and Math Knowledge had significant loadings on the Math factor with Mechanical Comprehension having some loading on this factor as well. Numerical Operations and Coding Speed loaded significantly on the Speed factor since they both require speed at completing simple tasks with a high degree of accuracy. General Science had partial loading on both the Technical and Verbal factor, with a slightly larger loading on the Verbal factor. To examine the factor structure present in the later group of applicants, a principal components factor analysis with varimax rotation extracting four factors was performed on the subtest scores from 2002 to 2008. Only loadings of .4 or greater are in bold. The four factors were identified as Technical, Verbal, Math, and Spatial. Subtest loadings on each factor are shown in Table 7 . The results were generally consistent with those from the 1989-1992 paperand-pencil test. AS, GS, MC, and EI had significant loadings on the Technical factor. GS, WK, and PC had significant loadings on the Verbal factor. AR and MK had significant loadings on the Math factor. AO loaded significantly on the Spatial factor. In contrast to the 1989-1992 paper-and-pencil analyses, the loading for MC on Math was below the .40 threshold (MC factor loading on Math in the more recent data was .30, instead of .40). 
Figure 2. Exploratory Factor Analysis of the ASVAB Subtests (2002 -2008)
Next, the percent of variance accounted for in the first unrotated factor (g) was examined to determine if the amount of general cognitive ability being measured has increased over time. Table 8 shows the percent of variance accounted for in the first unrotated factor from a principal components factor analysis. The subtests included were the ten given on the paper-and-pencil version in 1989 to 1992 and the nine given on the computer adaptive test in 2002 to 2008. To accentuate differences between paper-and-pencil and the computer adaptive versions, high school students who tested in 2002 through 2008 on a paper-and-pencil version were not included. Unfortunately, the extent to which psychometric changes between 1989-1992 and 2002-2008 reflect generational or educational differences rather than test format changes cannot be estimated by the data presented. The average first factor variance accounted for in the test from 1989 to 1992 was 44.06% and from 2002 to 2008 it was 55.44%. 56.44% Table 9 shows the percent of variance accounted for in the first unrotated factor from a principal components factor analysis of the eight common subtests given on the paper-and-pencil version in 1989 to 1992 and the computer adaptive test in 2002 to 2008. Subtests that were not common across the years being examined were not included in the analysis. The average amount of variance accounted for by the first factor in the test from 1989 to 1992 was 53.48% and from 2002 to 2008 was 58.26%. 
Correlations
To examine the trend in subtest correlations over time, a difference matrix is shown in Table 10 . The correlations between pairs of the eight common subtests in 1989 were subtracted from those in 2008. Subtest correlations that increased by .100 or more are in bold and involved either the Electronics Information subtest or the Paragraph Comprehension subtest. The pair with the greatest increase over time was between EI and PC, a change of .178 from 1989 to 2008. Complete correlation matrices by year can be found in Appendix A. Since EI had some of the greatest increases in correlations with other subtests over time, a line graph (Figure 3 ) was created to show the trend of these correlations. The graph does not contain data from the years of 1993 to 2001 since they were not included in our analyses. The key included in the graph groups each subtest being correlated with EI into its appropriate category: Technical, Verbal, or Math. Since PC also had some of the greatest increases in correlations with other subtests over time, a line graph (Figure 4 ) was created to show the trend of these correlations. The graph does not contain data from the years of 1993 to 2001 since they were not included in our analyses. The key included in the graph groups each subtest being correlated with PC into its appropriate category: Technical, Verbal, or Math.
Figure 4. Correlations of PC with Other Common Subtests (1989 -2008)
The same process was used to examine the trend in MAGE composite correlations over time. Note that the dramatic increases in correlations between MAGE composites over the time period studied possibly reflect formula changes in how even the eight common subtests are weighted in each MAGE composite (see Table 12 ) and not solely changes in the psychometric properties of the underlying subtests. A difference matrix is shown in Table 11 . The correlations between pairs of the MAGE composites in 1989 were subtracted from those in 2008. Composite correlations that increased by .100 or more are in bold. All correlations except that between the General and Electronics composites had an increase greater than .100. The largest increase was between the Mechanical and Administrative composites with a very large change of .632 from 1989 to 2008. Of note, these composite-level comparisons may be of limited value due to the removal of MO and CS, which affect two of the four MAGE composites. Complete correlation matrices by year can be found in the Appendix. Figure 5 shows all of the correlations between the Mechanical, Administrative, General, and Electrical composites. The graph does not contain data from the years of 1993 to 2001 since they were not available for our analyses. As is apparent in the graph, there is a substantial increase in correlations between composites. Table 12 shows the subtests comprising the MAGE composites. When the Air Force dropped the speeded subtests Numerical Operations and Coding Speed, the composites consisting of those two subtests were restructured. In 1999, the Mechanical and Administrative composites changed to incorporate Verbal Expression (VE, which combined WK and PC), while the General and Electrical composites stayed the same. 
V. DISCUSSION
The purpose of this study was to examine the increased intercorrelations among the ASVAB subtests and composites over the past twenty years.
Factor Analyses
The present study identified a verbal attainment, quantitative attainment, technical knowledge, and speeded factor from a factor analysis of the 1989 to 1992 data. The subtests loaded on factors in a pattern similar to Bock and Moore's (1986) factor analysis. The exception was the GS subtest, which had a much higher loading on the verbal factor in the Bock and Moore analysis (.49 on verbal and only .27 on technical), yet loaded almost equally on the verbal and technical factors in the current study (.57 on verbal and .50 on technical). The GS subtest was noted by Bock and Moore to require both verbal ability and specialized knowledge of physical science and biology. In the factor analysis from the current study, GS appears to be more technical in content than it was in the Bock and Moore factor analysis. In addition, the loadings reported in the current study were consistently higher (with increases ranging from .02 to .37) than those found by Bock and Moore. The increase of .37 was found for the PC subtest on the verbal factor.
The exploratory factor analysis performed on the subtest scores from 2002 to 2008 yielded a pattern of loadings similar to the 1989-1992 analysis, with a few exceptions. First, AO on the spatial factor replaced NO and CS on the speed factor. Secondly, MC loaded significantly on only the technical factor whereas in 1989-1992, it loaded on both the technical and math factors. The analyses provide support that with the elimination and addition of various subtests, the factor structure remained relatively stable over time, given that AO warranted its own spatial factor in place of the excluded speeded component.
The amount of variance accounted for by the first unrotated factor from both the 1989-1992 and 2002-2008 data showed that the amount of psychometric g in the ASVAB changed markedly from the earlier to later ASVAB versions. In the first set of analyses, the full complement of ASVAB subtests was used, ten subtests including NO and CS for 1989-1992 and nine subtests excluding NO and CS but adding AO for [2002] [2003] [2004] [2005] [2006] [2007] [2008] . When comparing the general factor (g) as it was affected by both the change in subtests and method of administration, it showed an increase from 44% in the paper-and-pencil version to 55% in the CAT version. When only the eight common subtests were analyzed, the g component increased from 53% in the paper-and-pencil version to 58% in the computer administered version.
One possibility that cannot be ruled out by this research project is that the amount of psychometric g measured in the ASVAB increased from 1989-1992 to 2002-2008 because of a decrease in unsystematic error that had been due to improper test administration issues in the use of paper-and-pencil tests by high schools (as noted in Pommerich, Segall, & Moreno, 2009 ). If test-retest reliability of subtests was higher in 2002-2008 than in 1989-1992 this would support the idea that greater measured psychometric g among common subtests in the current ASVAB format is simply an artifact of more reliable measurement of each subtest.
Correlations
It is evident from the correlation matrices that while some relationships among the subtests remain constant over time, there is a general trend towards higher correlations among specific subtests. Particularly, the subtests EI and PC had the largest increase in correlations with other subtests. It is likely that the change in the item specifications and test administration contributed to this increase; however generational or educational changes in test-takers over time may have alternately accounted for the increased correlation between subtests. As an example of changes in item specifications, when the ASVAB was created as a computer adaptive test, the subtest lengths were shortened by 40 to 50 percent, and for the PC subtest this meant asking one question on each passage (Segall & Moreno, 1999) . In addition, since EI is a technical subtest and PC is a verbal subtest, it is likely that EI is more correlated with PC because EI has become less technical in nature. For example, the questions on the EI subtest might now require more verbal skills to complete. Thus, the changing nature of subtests over time could be a contributing factor to the increasing correlations.
The largest factor affecting the intercorrelations of the MAGE composites was the change in the calculation of the Mechanical (M) and Administrative (A) composites in 1999. The General (G) and Electronic (E) were not changed, but their intercorrelations have always been high, from about . 85 during 1989-1992 to about .90 during 2002-2008 . The other composite intercorrelations increased substantially after 1999 so that now they are all between .80 and .90. The greatest part of this increase is clearly due to the change in the content of the M and A composites, but a small contribution is likely due to the increase in subtest correlations.
V. IMPLICATIONS
Greater commonality of subtests and composites results in less differentiation in assigning people into Air Force Specialties. It would likely be useful to further explore the tradeoffs in the relative merits of greater validity of composites versus greater discriminant validity. The problems associated with the increasing homogenization of the subtests in the ASVAB could be addressed on more fundamental levels. The subtest content should be examined to determine if the items on certain subtests have become too general in nature, rather than measuring specific knowledge found in the paper-and-pencil test taxonomy and item specifications. Specifically, the items on the Paragraph Comprehension subtest could be examined from paper-and-pencil and computer adaptive forms. A visual inspection could determine if the items had changed, leading to inadvertent consequences. The CAT philosophy could be reviewed in terms of the basic item-selection algorithms and item formats that have been imposed by that method of administration. For example, are there any implicit item selection rules that could lead to less homogenized content? To further investigate the positive manifold found among MAGE composites, their correlations prior to being restructured in 1999 should be compared to the current MAGE composites. Additional comparisons could be made with the ten alternative composites to determine their relative suitability.
The extent to which increased correlation among ASVAB subtests reflect generational or educational background changes in test-takers, rather than test content or administration changes, could be assessed by conducting a separate analysis of the particular test centers in which paperand-pencil tests were administered to all test-takers during both the 1989-1992 and (at least some portion of) the 2002-2008 time period.
The Air Force should always be vigilant for new measures that will enhance current measures. A survey to identify useful measures predictive of enlisted job success might contribute to developing new tests that would offer increased discriminant validity for assignment to Air Force training specialties. 
APPENDIX A ASVAB SUBTEST AND COMPOSITE CORRELATION MATRICES
